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Abstract—A class of nonlinear control system, in which the
nonlinearity can not be expressed by any analytical expression,
is difficult to analysis and design. Describing Function (DF) and
Phase Plane Trajectory (PPT) are well established frequency and
time domain methods for analysis of such systems. These methods
are graphical methods and very time consuming methods. Novel
GUI tool based on above two methods is presented. MATLAB
based ’nonlintools’ is user friendly tool for analysis of nonlinear
control systems. It is possible to find out existence, stability,
frequency and amplitude of limit cycle very quickly. Functions
and features are added such a way that it can be also used
for design of nonlinear control systems to achieve desired
performance. It is very simple to learn this tool. One can easily
use it with preliminary knowledge of DF and PPT methods.
Index Terms—Nonlinear control system, Describing function,
Limit cycle, Stability analysis, Phase Plane Trajectory, MATLAB
I. OVERVIEW OF THE TOOL
THE ’nonlintools’ is developed using GUIDE platformof MATLAB 6.5. GUIDE is Graphical User Interface
Develepoment Environment. The ’nonlintools’ comprises of
three basic parts —
1) Study of behavior of describing functions of various
types of nonlinear elements.
2) Stability analysis and design of nonlinear control sys-
tems using describing function method.
3) Stability analysis using phase plane trajectory.
The tool provides user friendly platform for analysis and
design of nonlinear control systems. Any user with just
the primary knowledge of DF and PPT can use this tool very
effectively. It reduces the development time of the designer
Fig. 1. Main selection window of ’nonlintools’
to a great extent. The main window shown in fig.1 can be
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opened by just typing ’nonlintools’ in the command window of
MATLAB. The user can select any options from this window
for further analysis and design.
II. STUDY OF DF OF VARIOUS NONLINEAR ELEMENTS
Unlike to the transfer function, G(s) of the linear system, the
Describing Function (DF) , changes with the different input
value. changes with the different input value. It is important
to understand the behavior of DF,KN (X,w) with changing
values of input amplitude. Various types of common nonlinear
elements like – amplifier with saturation, amplifier with dead
zone, ideal relay, relay with dead zone, relay with hysteresis
and backlash etc., are considered. This section helps the user to
get acquainted with the behavior of nonlinear elements before
proceeding with the stability analysis.X→KN (X) graph is
used to demonstrate the characteristics of selected element.
The graph shows the changes in describing function against
different amplitude values of input, X. After providing input
amplitude range and corresponding X→KN (X) parameter
values i.e. saturation limit, dead zone, hysteresis, backlash
etc., the tool generates and displays the corresponding plot.
Study of this plot helps the user to understand the behavior of
the particular nonlinearity . The users can also enter multiple
parameter values for nonlinearity and compare the same on
a single graph.KN (X) plot of Amplifier with saturation type
nonlinearity is with different saturation value. i.e. S=2 & S=4
is shown in fig.2. Thus the user can have a comprehensive
Fig. 2. KN (X) Plot of Amplifier with saturation
knowledge of the behavior of all common nonlinear elements.
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III. STABILITY ANALYSIS USING DF METHOD
For a linear control system, various stability analysis meth-
ods such as Routh Hurwitz stability criterion, Nyquist stability
criterion, Root locus, Bode plot etc., are available. Similarly,
DF method is frequency domain method for stability analysis
of nonlinear control system. The fundamental approach is
to plot the polar plot of the linear part of the system, and
investigate its intersections with locus of −1KN (X) . It is used
to check the generation of limit cycle in nonlinear control
systems. Limit cycle is self sustained oscillations of fixed
frequency and amplitude. If G(jw ) curve encloses the entire
−1
KN (X)
curve, then the system is unstable. If there is no
intersection between the loci and polar plot and if the polar
plot does not enclose the −1KN (X) curve, then the system is
stable. If there is an intersection than the limit cycle generates
and stability of the limit cycle is required to check. The basic
steps in the DF method are as follows:
1) Get the polar plot of the linear part.
2) Find −1KN (X) from the KN (X) of a given nonlinearity
and plot it on the same graph taking different values of
X.
3) Find out whether the limit cycle exist or not by finding
the intersection of both the graphs
4) Calculate the value of frequency and Amplitude X of
the limit cycle.
To perform all the above-mentioned steps manually is a time
consuming task. Probabilities of mistakes increases manifold
in manual method. The suggested tool performs all above
steps with the help of MATLAB file and directly generates
the end results. The package is developed in view to reduce
the analysis time. The GUI environment provides user-friendly
platform. Flexibility is provided to enter the linear part of the
system. The tool can take the linear part up to seventh order.
Linear transfer function can be entered in form of:
1) Zero- Pole and Gain.
2) Ratio of polynomials
Also the user can specify the frequency range and the step
size of the polar plot. The next step is to select the type
of nonlinearity and its parameters. Here also the user can
specify the amplitude range and step size to plot the −1KN (X)
plot. It also provides the pictorial view of the block diagram
of the concerned nonlinear system for easy interpretation.
After selection of linear and nonlinear system parameters,
the tool generates and displays the corresponding plots. The
plots convey about the stability condition of the system. It
shows intersections as well the direction of both the plots.
Intersection of both plots is highlighted by a red star
Typical result is shown in the fig. 3 at lower left corner by
circle. These results include following three answers:-
1) Frequency (w) of Limit Cycle
2) Amplitude(X) of Limit Cycle
Stability of the limit cycle depends on whether the direction
of the plot is from zero to infinity or from infinity to zero. For
better understanding the direction of −1KN (X) plot is shown by
the red arrow on the −1KN (X) plot itself. Moreover the comment
on stability is also displayed based on the numerical and
graphical results calculated by the tool. Thus, by just clicking
on the button ’Results’, it gives all the answers along with
stability of the selected nonlinear system.
Fig. 3. An example of stability analysis of nonlinear system.
In the entire tool, a typical menu bar has been added at
the top of the GUI. The menu bar provides all necessary
functionalities along with well documented necessary help to
the user.
IV. DESIGN OF NONLINEAR CONTROL SYSTEM
’Design’ button on analysis window opens a separate win-
dow, ’Design Tool’ which enables user to design a nonlinear
control system as per required specifications. As shown in
fig. 4, a design window provides facility to choose desired
specifications like amplitude of limit cycle. User can also
enter the desired value of magnitude of G(jw), which is the
deciding factor in generating limit cycles. The tool computes
transfer function of required linear part of system as well
suggest parameter value of the nonlinear elements to achieve
desired specifications. The results are shown by encirclement
in fig. 4. The tool plots improved −1KN (X) plot and G (jw) plot
according to the suggested linear and nonlinear part of the
system. Comment on stability is again checked and mentioned
in the comment box.
V. STABILITY ANALYSIS USING PPT
Third part of the tool is based on Phase Plane Trajectory
(PPT) method. This method has following advantages:
1) It is time domain method, so the results are easily to
interpret.
2) It is more accurate as there is no linearization.
The coordinate plane with axis that corresponds to the
dependant x1=x variable and its first derivative x2=dxdt called
’phase-plane’. The curve described by the state point (x1, x2)
in the phase plane with time as running parameter is called
phase trajectory. It is also graphical technique. Manual way
is to plot phase trajectory on e versus dedt too much time
consuming as first it requires drawing of isoclines. This tool
provides the analysis window as shown in fig. 5. Selection
of nonlinearity is given in the popup menu. User has to enter
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Fig. 4. Design window of ’nonlintools’
Fig. 5. Stability analysis using PPT
basic parameters of nonlinearity and transfer function of linear
part of the system. Amplitude of step input is needed in order
to plot the phase plane trajectory.
When the plot pushbutton is clicked, the trajectory shown
by blue colored plot is plotted from the point at which the
step value is given. If the whole system is stable it will
stabilize at origin in finite time else it will not stabilize at
origin and will continue to spiral out. These represents ’stable
focus’ and ’unstable focus’ type singular point respectively.
It’s time domain analysis hence; one can extract the time
related information from the PPT. Different option like- rate
feedback is provided. To analyze this phenomenon the tool
provides an alternative to choose the derivative function in
feedback. By this user can compare the performance of both
the responses.
VI. CASE STUDY
In this example a typical nonlinear control system is consid-
ered as shown in Fig. 6. The system consists of amplifier with
saturation type nonlinearity. It represents antenna positioner
with saturating control amplifier. The linear part has one pole
at zero and it has the following transfer function.
Fig. 6. Antenna positioning system
Before actual implementation of the system, it is desirable
to check the performance of the system. The proposed tool
is used for this purpose and the results are presented in this
section. It shows that the system generates stable limit cycle
with frequency, ω = 2.236 rad/sec and amplitude, X = 1.667.
Computed results and graphs of −1KN (X) plot and G(jω) plot
are shown in fig. 7.
Fig. 7. Plot for antenna positioning system.
It is observed from the plot that the proposed system
generates stable limit cycle means sustained oscillation in
antenna position. This is not acceptable. It is desired to remove
this limit cycle by proper selection of linear and/or nonlinear
parts of the system. With the help of ’nonlintools’, user can
easily design the transfer function such that limit cycle is being
remove. When user uses the design function of the tool, it
generates the new transfer function and also plots the new
graph accordingly. In case of amplifier with saturation type of
nonlinearity, if limit cycle is to be removed one has to select
the value of must select the value of magnitude G between 0
and 1. Once selecting the value of magnitude G(jω), the tool
recalculates the new transfer function and the parameters of
nonlinearity. With these new values, there is no limit cycle in
output. Thus, any practical system can be simulated first on
this analysis tool and if the results are not desired then user
can modify the linear or non-linear part of the system by using
Design tool. Entire analysis and design process is very much
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user friendly.
VII. CONCLUSION
In this paper a novel analysis and design tool for nonlinear
control system is presented. The tool would greatly facilitate
the simulation of nonlinear systems. The tool is expected to
be useful in designing of nonlinear control systems along
with the behavior study of nonlinear elements. The tool can
accept various types of common nonlinearities along with
linear system up to seventh order. This capabilities makes
the system very much general purpose. The tool uses new
generation of GUIs developed in MATLAB, which greatly
enhance the user’s ease of operation. A case study of antenna
positioner system demonstrates the application of the tool for
actual applications. It is simple yet very effective. All the
above mentioned results are in line of the theoretical facts.
’nonlintools’ has potential to use as tool in the teaching-
learning process of nonlinear control course. Learning time
of the tool is very less with user friendly GUI and required
help documents.
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